Introduction
Renal clear cell carcinoma (RCC) can lead to metastases in unusual sites, but rarely in the ovary [1] . Differentiation between primary ovarian tumors and ovarian metastases from RCC has different prognostic and therapeutic implications. As ovarian metastasis from RCC resembles a primary ovarian tumor, diagnosis often presents a histopathological challenge [1] .
Immunohistochemistry has proved very useful in distinguishing primary ovarian lesions from RCC metastases in the ovary, generally using CK7, CK20, vimentin, ER and CA125 [2] .
There are 15 documented cases in the English literature of ovarian metastases developing from RCC confirmed by immunohistochemistry, often discovered during follow-up of the primary renal carcinoma. The search engine used for the literature review was PUBMED with "renal clear cell carcinoma", "ovary", and "ovarian metastasis" as key words.
Here we present the 16th case of RCC metastasis in the ovary, first appearing as highly hemorrhagic tumors.
Case presentation
A 75-year-old Caucasian woman was referred to our department with an adnexal mass in the pelvis, which was increasing in size. She had never been pregnant and was menopausal at 52 years of age. She had never had any gynecologic examinations. Her medical history was characterized by hypothyroidism, hypertension, and alcohol addiction. At the age of 70, she had undergone a radical nephrectomy for a heterogeneous mass situated on the lower pole of the left kidney. The histopathological findings revealed low-grade RCC with perforation of the kidney capsule. None of the five lymph nodes showed any metastasis and the suprarenal gland was normal. No adjuvant treatment was given after surgery. After 1 year of follow-up, CT scan of the abdomen revealed multiple hepatic lesions disseminated in the right lobe, associated with multiple pulmonary lesions. Both the hepatic and pulmonary lesions were suspected to be metastases from the RCC, but this was never confirmed by biopsy. A right lateral uterine lesion of 4×3 cm corresponding to a liquid cyst in the right anexa was also described and considered to be benign. The patient first received interleukin-2 with a very good pulmonary response and stabilization of the hepatic lesions but, because of significant side effects (acute kidney failure), treatment was discontinued. Interferon and vinblastine were then administered. Six months after initiation of this treatment, CT scan revealed progression of the hepatic lesions. Interleukin-2 therapy was reinstated at lower doses for 1 year and was well tolerated. The right adnexal lesion was stable at this time. The hepatic lesions also stabilized, while the pulmonary lesions were undetectable on CT scan. The woman underwent regular CT scan controls and the adnexal lesion remained stable in size. However, at the age of 75 years, the CT scan result revealed that the right adnexal mass had grown to 10 cm in size within 5 months. This mass was heterogeneous with a highly vascularized cyst wall and septa (Fig. 1a, b) . She was then referred to our gynecology department.
Upon vaginal examination, a 10-cm retro-uterine solid mass was found fixed to the Douglas pouch. Ultrasound confirmed the presence of a heterogeneous right ovarian mass, with extensive vascularization. The CA125 level was 11.3 IU/ml (nl<35 IU/ml).
Diagnostic laparoscopy was then proposed. The internal status revealed a normal liver, unremarkable left adnexa, and a 10-cm lesion on the right ovary, with dense adhesions to the rectum and uterus. No ascites was found in the abdomen. Macroscopically, the tumor had a smooth surface without any vegetation. Radical hysterectomy with bilateral salpingo-oophorectomy by laparotomy was therefore performed. Frozen section revealed metastasis of the RCC.
Macroscopically, a solid yellow tumor and a large zone of necrosis were visualized. Microscopically, the lesion showed large areas of necrosis and hemorrhage. It was also found to be composed of neoplastic cells arranged in nests or cords and characterized by clear and abundant cytoplasm with atypical nuclei (Fig. 2 ). An extensive capillary network was observed to be involved in the tumoral proliferation. The tubes, left adnexa, and uterus were all unremarkable.
This appearance suggested that the mass was ovarian metastasis from the RCC from the previously removed left kidney. Immunohistochemical analysis showed the tumor to be positive for CD10 (Fig. 3 ) and CK8.8, while CK7, CA125, and ER were negative. These immunohistological findings confirmed the diagnosis of ovarian metastasis from the RCC.
No adjuvant treatment was given. CT scans performed every 6 months have been stable so far and, 1.5 years after the ovarian surgery (and 6 years after the removal of the primary renal lesion), the patient is still alive without any local recurrence or evolution of the hepatic or pulmonary lesions.
Discussion
Metastasis from RCC tumors occurs rarely in the ovaries. The most commonly encountered secondary neoplasms in the ovaries are colonic adenocarcinoma, breast carcinoma, lymphoma, carcinoid adenocarcinoma, and gastric adenocarcinoma, which macroscopically and microscopically resemble primary ovarian cancer [3] .
This infrequent occurrence may be explained by some physiological factors; RCC is more frequently found in Fig. 1 a CT scan revealed a 10-cm adnexal lesion (black arrow). The mass was heterogeneous and highly vascularized, clearly distinct from the bowel and pelvic side wall. There was no ascites or peritoneal spread. b Coronal view of the CT scan shows the right adnexal mass (black arrow) Fig. 2 Hematoxylin-eosin staining revealed cells arranged in nests and cords with clear and abundant cytoplasm. The black arrow shows the dense capillary network of the lesion males and usually in older patients [4] , while vascularization of the ovaries is decreased in older women because of atrophy due to menopause. However, Gavallos et al. suggested that a connection between the kidneys and the ovaries could allow interchange of malignancies between them [5] . They suggested the possibility of a renal-ovarian axis. Indeed, some autopsy studies demonstrated that 0.5% of women with RCC showed ovarian metastasis, often undiagnosed, and 4.2% of secondary ovarian lesions were of renal origin [6] . Metastasis from the ovary to the kidney is much less frequent with only two cases described [5] .
There are currently 15 cases of ovarian metastasis from RCC documented in the English literature, with available immunohistochemistry [7-9, 11, 14, 20-25] , and we now report the 16th case. These 16 cases have been analyzed and are summarized in Table 1 .
With an age range of 17 to 75 years, the present case is actually the oldest patient described with this type of ovarian metastasis. In 31% of cases (n=5/16), the ovarian lesion was detected first and the time needed to detect the primary renal lesion was very varied. Generally, when the ovarian lesion was detected first, the renal lesion was located soon after. In 12.5% of cases (n=2/16), there was synchronous detection by imaging or during surgery. In another two cases, the time was respectively 7 months and a few weeks after ovarian surgery. In one case, the primary renal lesion was detected 8 years after ovarian surgery [7] [8] [9] .
When the ovarian lesion was discovered after the renal lesion, the time interval to the appearance of the ovarian metastasis ranged from 3 months to 3 years.
Two other cases showed a much longer interval, from 5 to 14 years after primary renal lesion detection. In the case we describe here, the ovarian metastasis appeared 4 years after the development of hepatic and pulmonary lesions. These lesions have now been stable for 4 years.
The survival rate after ovarian metastasis is very varied, ranging from a few months to 8 years, but is often not mentioned.
Gavallos et al. discussed possible pathways of metastasis from the kidney to the ovaries [5] . Direct peritoneal seeding is not typical of RCC and will not result in unique and well delimited metastasis. There is no evidence of lymphatic dissemination either. The most common way for RCC to spread to other organs is by the hematogenous route. On the other hand, Young et al. and Bruegge et al. discussed the unique anatomy of the left ovarian veins and their relationship with the left renal veins [4, 9] . The hypothesis was that, in case of incompetent gonadal veins allowing retrograde flow, renal tumors could spread to the left ovary.
On the basis of this hypothesis, the laterality of both types of lesions was analyzed: of the 16 described cases, 69% showed a left renal lesion (n =11/16). Ovarian metastasis from renal lesions appears to be more frequent when the primary lesion is from the left kidney.
Among those 11 cases, 45% (n=5/11) had a left ovarian lesion, 73% (n=8/11) bilateral metastases, and 27% (n=3/11, including our case) a right ovarian lesion.
Among the other five cases presenting with right renal lesions, 60% (n=3/5) had a left ovarian lesion, one was unknown, and one showed right ovarian metastasis (20%).
We identified a trend in the metastatic process: left renal lesions metastasized most commonly to the left ovary, and even with right renal lesions, ovarian metastasis was more frequently observed in the left ovary. These findings support the theory of hematogenous spread from the renal tumor to the incompetent left gonadal veins to the ovary, even if it cannot be the only mechanism of metastasis.
Another particularity of RCC metastasis to the ovary is the relative rarity of bilateral ovarian involvement. Although Petru et al. found 60-70% of secondary ovarian tumors to be bilateral [10] , this was clearly not the case in our review (19%, n=3/16).
Hammock et al. and Insabato et al. detailed and reviewed the differential diagnoses for primary ovarian clear cell tumors that should be distinguished from RCC metastasis: primary clear cell carcinoma, steroid cell tumors, and dysgerminoma [8, 11] . Because metastasis of RCC can mimic these entities, they concluded that immunohistochemical testing is necessary to differentiate primary ovarian lesions from RCC metastasis. A panel of immunohistochemical markers was then proposed by these authors to provide additional support for the diagnosis, including CD10, CK7, CA125, ER, PR, and CK8.8, as used in the present case. Use of the RCC antibody was also described, which may be of value when the differential diagnosis includes RCC, but the specificity of this marker has not yet been established as a single marker [8] . The use of a panel of antibodies, including 34βE12 (a multi-CK antibody solution), CA125, ER, PR, and vimentin has also been suggested by Nolan et al. to help distinguish these two entities [12] . The majority of RCCs show restricted expression of low-molecular-weight cytokeratins and vimentin. High-molecular-weight cytokeratin and CK7 are rarely expressed in RCCs [13] .
Our patient received interleukin-2 for her liver and lung metastases and showed a very good response. On the other hand, this treatment did not prevent the development of ovarian lesions. Valappil et al. also described the use of interleukin-2 to treat abdominal recurrence of renal pathology, leading to improved survival with stable disease, as in our case, but not preventing development of ovarian metastasis either [14] . Adjuvant therapy is poorly described in the literature. In all cases, patients underwent surgery to remove renal and ovarian masses. When the preoperative evaluation deemed it possible, total surgical excision, which should be aggressive to leave no residual disease, was able to cure 40-60% of patients [15] . In some cases, metastases could be surgically removed, with favorable prognostic factors including complete resectability and a long interval between the initial diagnosis and metastasis development [16] .
The classic adjuvant treatment for advanced RCC was immunotherapy (interferon-alpha, interleukin-2), even if its effectiveness is still controversial [17] . A recent Cochrane review [18] found improved survival with interferon, but the greatest benefits were achieved in a very select group of patients, as reported by Rini et al. [17] .
A progestational agent has also been used for very advanced symptomatic carcinoma, mostly for symptom palliation [19] .
More recently, targeted therapies, such as anti-VEGF agents and mTOR-inhibiting drugs, have been extensively studied in the context of RCC treatment and have shown promising results in phase III trials [18] .
Radiotherapy is not indicated for RCC.
Conclusion
Here we report the 16th case of ovarian metastasis from RCC, first appearing as a highly hemorrhagic tumor. Although some metastasis was initially detected among these 16 cases, leading to identification of the primary lesion, most of the metastatic spread (69%, n=11/16) was discovered in the course of follow-up of the RCC treatment.
Immunostaining is an essential tool to differentiate the origin of clear cell lesions in the ovaries. The pathogenesis of ovarian metastasis is not well understood, and the laterality of these lesions and unique anatomy of the left ovarian veins are thought to be among the possible explanations. Advanced RCC must be well staged and, when possible, surgical treatment must be aggressive, with excision of all tumoral tissue. The metastasis itself may be removed in some cases, improving the prognosis if the lesion is totally excised.
Adjuvant treatments have classically entailed immunotherapy, but recent developments in targeted therapies are very encouraging, paving the way for new treatment approaches in the future.
